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(54) Automated material distribution control for stretch blow molded articles 



(57) A method for inspecting the material distribu- 
tion of a sequence of stretch blow molded containers 
(28) or other articles in a continuous production process, 
by providing injection molded parisons (10), each pari- 
son having at least one indicator (22), typically two or 
more indicators (2), for detecting material distribution at 
a predetermined position along the axial extent of the 
parison. Each of the parisons (1 0) is subjected to a heat- 
ing stage in the continuous production process, gener- 
ally by exposure to infrared heating (72,21). Each heat- 
ed parison (1 0) is then subjected to a blow molding proc- 
ess, which can be a stretch blow molding process, so 
that each material distribution indicator is transformed 



to a corresponding position along the axial extent of the 
blow molded article (28). A detector (50) is positioned 
to detect the location of each indicator (22) on each blow 
molded article (28) from a given mold (25) in the pro- 
duction process. A computation is then made to deter- 
mine for each blow molded article (28) a material distri- 
bution outcome or profile based on the detected loca- 
tions of each indicator (22). This information on material 
distribution is them matched to a prescribed profile for 
the particular container design and any discrepancy be- 
yond some preset tolerance value is employed to reject 
the out of tolerance item from the production line, and 
to modify a step of the manufacturing process such as 
the infrared heating pattern. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention generally relates to the 
field of blow molding articles from plastic parisons, and 
more particularly concerns methods and systems for 
producing stretch biow molded articles formed of poly- 
meric resin and having consistent physical dimensions. 

2. Description of the Prior Art 

[0002] Providing consistent physical dimensions, in- * 
eluding consistent material distribution, has been a 
chronic problem in production of blow molded articles, 
such as those articles formed from polymeric resins 
such as polyethylene terephthalate (PET). Difficulties in 
achieving consistent physical dimensions, such as ma- 
terial distribution, has led to problems in assuring ac- 
ceptably high quality of such articles. In addition, diffi- 
culties arising from the lack of uniform physical dimen- 
sions can exist across various production platforms and 
between production facilities seeking to produce sub- 
stantially identical blow molded articles. Consistent 
physical dimensions such as material distribution are 
very important for end performance characteristics of 
blow molded articles, e.g., stretch blow molded contain- 
ers, such as burst strength, top load strength, thermal 
deformation resistance, and stress cracking resistance. 
[0003] Current material distribution analysis tech- 
niques directed to already formed blow molded articles 
are time consuming, relatively crude in that such tech- 
niques provide only gross material distributions, and, in 
addition, do not lend themselves to automated inspec- 
tion. One current analysis technique for material distri- 
bution is the so-called section weighing method, where, 
for instance, portions of a stretch blow molded article 
such as a base, label panel, and shoulder, are cut away 
from each other and individually weighed to ascertain 
whether these sections weigh within prescribe toleranc- 
es. Despite the availability of the section weighing meth- 
od, and while this method is adequate for gross deter- 
mination of overall material distribution of the sections, 
the section weighing method cannot account for varia- 
bility within the section, although variability within a sec- 
tion of a blow molded article has been frequently ob- 
served in both laboratory and production environments. 
Further, the section weighing method is necessarily de- 
structive of the article and can only be performed on a 
very small number of the articles, while most (perhaps 
as much as 99.9%) of the articles manufactured by a 
particular line are not inspected at all for material distri- 
bution. Therefore, the section weighing method can only 
be used to indirectly determine whether the material dis- 
tribution of a stretch biow molded article which has not 
been cut and weighed but was made using the produc- 



tion parameters of a section weighed article is within ac- 
ceptable tolerances. Further, there is no easy method 
of integration of the results of such testing back into the 
manufacturing process to achieve articles having more 
uniform or desirable parameters. 
[0004] Consequently, there exists a need in the art for 
methods and systems for directly and non-destructively 
assuring consistent physical dimensions such as mate- 
rial distribution for stretch blow molded articles, in order 
to produce stretch blow molded articles of consistent 
quality across various production platforms and be- 
tween different production facilities. Preferably such 
systems can be applied to a substantial portion, if not 
all, of the containers manufactured in a given production 
line so that product quality can be maintained to better 
standards. 

[0005] Our prior patent, namely, U.S. Patent 
5,902,526, disclosed a method for inspecting blow 
molded articles on a continuous or substantially contin- 
uous basis, wherein the parisons employed in the blow 
molding process included a plurality of first markers 
formed at preselected position on the parison exterior 
surface. The first markers were generally in the form of 
light circumferential lines disposed generally planarly 
and parallel to each other, each line forming a complete 
outwardly projecting annulus on the exterior surface of 
the parison. The product is formed by placing such a 
parison in a blow mold having sections defined generally 
by smooth interior surfaces, but having a plurality of sec- 
ond differentially dimensioned portions, each second 
differentially dimensioned portion disposed at a prede- 
termined location on stretch blow mold interior surface. 
The location of each second differentially dimensioned 
portion was generally selected to correspond with the 
optimum location of one of the first markers when the 
parison was transformed by the blow molding process 
to conform to the interior of the blow mold. The second 
differentially dimensioned portions could be disposed 
on the blow mold interior surface in any of a variety of 
configurations and orientations, such as where the indi- 
vidual second differentially dimensioned portions are 
formed of small or large differentially dimensioned seg- 
ments disposed planarly or non-planarly, or as raised or 
depressed impressions on the blow mold interior sur- 
face, or by modified surface finish of blow mold interior 
surface. 

[0006] In a finished article formed in accordance with 
U.S. Patent5,902,526,the relative position of first mark- 
ers with respect to the corresponding, proximately dis- 
posed second markers indicates whether at least one 
dimension is within the preselected range. For example, 
the thickness dimension of a profile of the article may 
be determined to be within a preselected range of thick- 
nesses by ascertaining whether the distance between 
each first marker and a corresponding second marker 
is less than a preselected distance. The marker can be 
formed to define tolerance bands or zones. Upon blow- 
ing the parison with the first markers within such a mold 
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produces an article having second markers defining a 
tolerance zone or band, and including a plurality of first 
markers in close relation to the plurality of correspond- 
ing tolerance zones. The relative position of the first 
markers with respect to corresponding, proximate toler- 
ance zones indicates whether at least one dimension is 
within a preselected range. Where the first markers fie 
within corresponding tolerance zones, the at least one 
dimension will be within a preselected range. However, 
if a first marker lies outside the corresponding tolerance, 
then the at least one dimension is not within a preselect- 
ed range. 

[0007] Inherent in the process of U.S. Patent 
5,902,526 is the need to form both the first marker on 
the parison and the second marker upon blow molding 
the finished article, followed by comparing their relative 
location. While such overlapping or closely proximate 
markings can be formed in a manner to be detected by 
individual visual inspection, the use of such a system of 
markers in connection with any automatic inspection 
system has proven to be elusive if not impossible. U.S. 
Patent 4,1 31 ,666 also employed a surface grid marking 
technique followed by visual examination to determine 
the distribution of plastic in a finished container, but did 
not suggest any manner of converting the visual inspec- 
tion to one that might be automated. 
[0008] The control of variations in dimensions of fin- 
ished articles through modifications in process param- 
eters is taught generally by U.S. Patents 3,934,743 and 
4.044,086 Other patents, e.g., U.S. Patents 3,956,441; 
4,307,1 37; and 4,564,497, have disclosed structures in- 
cluded on the surface of parisons to achieve decorative 
effects on the finished articles. Still other patents, e.g., 
U.S. Patents 4,151,249; 4,320,083; 4,359,165; 
4,785,950; 4,927,679; 4,9 97,692; 5,1 01 ,990; 5,1 1 6,565 
and 5,312,572, have disclosed structures included on 
the surface of parisons to achieve structural effects in 
the finished articles. U.S. Patent 4,117,050 discloses 
the longitudinal thermal profiling of a parison to control 
wall thickness distribution in blow molded articles, but 
does not discuss any scheme for automated inspection 
of the resulting articles. U.S. Patents 4,571,173 and 
5,066,222 disclose schemes by which the temperature 
of a parison is heated in a non-uniform manner as a 
function of time to achieve the optimum heat profile for 
blow molding, but again there is no discussion of any 
scheme for automated inspection of the resulting arti- 
cles. 

[0009] There continues to be a need for a control sys- 
tem that can be employed in a continuous production 
process, wherein the system relies at least in part on 
some direct or indirect measurement of one or more se- 
lected criteria of the finished blow molded articles, to 
control or modify the manufacturing conditions so that 
the material distribution for a sequence of blow molded 
articles, such as stretch blow molded containers, re- 
mains within some defined range of normal values. 



SUMMARY OF THE INVENTION 

[0010] In order to aid in the understanding of the 
present invention, it can be stated in essentially sum- 

5 mary form that it is directed to a method and system for 
the production of blow molded articles, such as stretch 
blow molded containers, from injection molded pari- 
sons, having well controlled physical dimensions so that 
optimum articles are produced consistently. The method 

10 and systems of the present invention include non-de- 
structive, direct measurement of the molded articles to 
ensure consistent and controlled physical dimensions 
for such molded articles, providing an accuracy level for 
physical dimensions and resultant quality of such mold- 

15 ed articles that far exceeds that available from current 
methods and apparatus. 

[0011] More specifically, the present invention in- 
volves a method for inspecting the material distribution 
of a sequence of stretch blow molded containers in a 

20 continuous production process, by providing injection . 
molded parisons, each parison having at least one indi- 
cator for detecting material distribution at a predeter- 
mined position along the axial extent of the parison. 
Each of the parisons is subjected to a heating stage in 

25 the continuous production process, generally by expo- 
sure to infrared heating. Each heated parison is then 
subjected to a blow molding process, which can be a 
stretch blow molding process, so that each material dis- 
tribution indicator is transformed to a corresponding po- 

30 sition along the axial extent of the blow molded contain er 
or other article. A detector is positioned to detect the 
location of each indicator on each blow molded contain- 
er from a given mold in the production process. A com- 
putation is then made to determine for each blow mold- 

35 ed container a material distribution outcome or profile 
based on the detected locations of each indicator. This 
information on material distribution is them matched to 
a prescribed profile for the particular container design 
and, if any discrepancy beyond some preset tolerance 

40 value is detected, a mechanism is employed to reject 
the out of tolerance item from the production line. Fur- 
ther, a modification is made to a step of the manufactur- 
ing process based on the nature of the discrepancy such 
as the infrared heating pattern employed. 

45 [0012] When the inspection method of the present in- 
vention is employed in a manufacturing process using 
a plurality of blow molds in a continuously repeated cy- 
cle, there is a need to compare the information on ma- 
terial distribution taken from articles produced in the 

so same blow mold so that variations between blow mold 
are screened from the data. This is achieved by provid- 
ing a scribe in a selected blow mold of the plurality of 
blow molds capable of molding a mark on each respec- 
tive container blow molded in the selected blow. The 

55 mark identifying the marked container can then be de- 
tected and each subsequent unmarked container in the 
continuous cycle, if produced in serial fashion, can be 
related to other specific blow molds used in the process. 
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The material distribution data for each of the marked 
containers can be correlated, recorded, and/or em- 
ployed to modify a step of the manufacturing process 
such as the infrared heating pattern. The variation in the 
determined material distribution data for any of the sub- 
sequent unmarked blow molded containers in the cycle 
can be employed to address a specific problem associ- 
ated with the specific blow mold in which the container 
was made. 

[0013] In some processes, it may be unnecessary or 
inappropriate to adjust or modify the manufacturing 
process in response to the material distribution data for 
each of the marked containers. Instead, samples from 
the sequence of stretch blow molded containers can be 
selected on any desired basis or frequency, and the 
sample containers employed to calculate an average 
material distribution outcome for the samples based on 
the determined material distribution outcome for each 
blow molded container in the sample. This average ma- 
terial distribution outcome can then be compared to a 
standard material distribution representing a nominal 
blow molded container to obtain an average material 
distribution variance to provide a signal based on the 
comparison back to the manufacturing process. 
[001 4] The inspection process must be automated to 
provide the desired continuous feedback to the manu- 
facturing process. The inspection process is most de- 
sirably accomplished by transmitting light through the 
molded article in the vicinity of the expected location for 
each material distribution indicator. A plurality of sen- 
sors is provided that are capable of sensing light trans- 
mitted through the article, with each sensor capable of 
changing states upon receiving such transmitted light 
showing the location of the material distribution indica- 
tors. A lens or lens system can be employed to capture 
portions of the transmitted light which is then focused 
on a sensor such as a line linear array reader or charged 
coupled device camera. An output from the array reader 
or CCD camera can then be employed to develop a 
feedback signal for use by the manufacturing control 
system to control one or more steps of the manufactur- 
ing process. 

[0015] The present invention thus provides for the 
production of stretch blow molded articles with non-de- 
structively and directly controlled dimensions, such as 
material thickness distribution throughout the profile of 
stretch blow molded articles, and for consistent quality 
control across platforms and production facilities, ensur- 
ing that an optimum article is consistently produced with 
desirable performance characteristics such as burst 
strength, deformation, and stress cracking. 
[0016] The method of the present invention for pro- 
ducing a stretch blow molded article having at least one 
dimension within a preselected range includes the step 
of injection molding the parison so that a parison exterior 
surface includes at least one indicator, typically a pro- 
truding circumferential ring or ridge, each indicator dis- 
posed at a preselected position on the parison exterior 



surface and formed by contact with a differentially di- 
mensioned portion, typically a groove or indention, dis- 
posed at a preselected location on a generally smooth 
injection mold cavity interior surface. Where the method 

5 is carried out with a series of blow molds, the method of 
the present invention can include the step of blow mold- 
ing an article from the parison so that an exterior surface 
of one article of the series includes at least one mark to 
identify and/or distinguish the output of one of the series 

10 of blow molds from the output of the remaining molds of 
the series so that articles from the same mold or station 
can be compared to each other and/or to an established 
standard. 

[0017] The method of the present invention also in- 
15 eludes inspecting the molded articles to determine 
whether the at least one indicator is positioned within a 
tolerance zone. The inspecting step is performed by sit- 
uating at least one source of light and at least one po- 
sitionally discriminating optical receiver, such as a CCD 
20 camera, adjacent to the output of the series of molds so 
that the light from the source projects through the mold- 
ed container or other article and on to the optical receiv- 
er. Each optical receiver determines the position of an 
indicator on each passing blow molded article and pro- 
25 vides an output signal indicative of the indicatorposition. 
The output signals from the optical receivers are then 
processed to compute the corresponding material dis- 
tribution of each molded article from which the data was 
derived. 

30 The computed material distribution information can then 
be employed to control a subsequent step of the man- 
ufacturing process, such as an individual molded article 
rejection or ejection step, and/or a prior step of the man- 
ufacturing process, such as radiant heating control to 

35 modify the thermal profile of the parisons prior to the 
blow molding process. 

[0018] It is an object of the present invention to pro- 
vide an apparatus for producing a blow molded article 
having at least one consistent and controlled dimension . 

40 This object is achieved by providing an apparatus for 
producing a blow molded articles utilizing direct, non- 
destructive analysis of the stretch blow molded article 
to control at least one manufacturing variable. This con- 
trol of at least a portion of the manufacturing process 

45 through a substantially continuous analysis of one or 
more indicators molded on the surface of the molded 
article has the advantage of permitting a closer and 
more responsive control of the manufacturing process 
through non-human intervention means, which allows 

so for greater reliability than previously possible. 

[0019] Further objects, features and advantages of 
the present invention will be apparent from a study of 
the following portion of the specification, and the at- 
tached drawings setting forth a preferred embodiment 

55 of the present invention illustrating the best mode of car- 
rying out the invention presently perceived in a commer- 
cial environment, although it should be understood that 
various modifications can be accomplished within the 
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parameters of the present invention. 
[0020] BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] FIG. 1 is a side elevation view of a parison 
adapted for use in the present invention that includes 
three indicator rings. 

[0022] FIG. 2 is an enlarged detail sectional view of 
portion 2 of the side wall of the parison shown in Figure 
1 illustrating the configuration of one of the indicator 
rings. 

[0023] FIG. 3 is a schematic view of the expected 
translation of the indicator rings on the parison to various 
portions of the blow molded article as a result of the 
stretch blow molding process. 
[0024] FIG. 4 is a side elevation view of a blow molded 
container made from the parison of Figure 1 reflecting 
expected translation of the indicator rings to the contain- 
er side wail and footed portions. 
[0025] FIG. 5 is a plan schematic presentation of a 
parison re-heating and blow molding operation employ- 
ing the present invention. 

[0026] FIG. 6 is a schematic illustration of a parison 
heater used in a re-heating process controlled by the 
present invention. 

[0027] FIG. 7 is a schematic presentation of an in- 
spection apparatus situated adjacent to a conveyor 
transporting a series of blow molded containers made 
in accordance with the present invention. 
[0028] FIGS. 8a and 8b are a flow diagram of the blow 
molded article evaluation process carried out by the in- 
spection apparatus shown in Figure 7. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] A parison 1 0 according to the present invention 
is generally formed by an injection molding process to 
include a closed end 12, a side wall portion 14, a neck 
portion 16, a finish portion 18 and an open end 20 as 
shown in Figure 1 . The parison 10 also includes at least 
one, and typically two or more, material distribution in- 
dicators 22 generally formed as a protruding circumfer- 
ential ring or ridge 24, one of which is shown in detail in 
Figure 2. It will be appreciated by those skilled in the art 
that the protruding circumferential rings or ridges 24 are 
formed during the injection molding process by corre- 
sponding grooves on an interior surface of the injection 
mold cavity, not shown, generally formed by a precision 
grinding process. If the parison is formed of PET or other 
similar resin, the rings or ridges 24, also known as dis- 
tribution indicators, will usually have a horizontal dimen- 
sion t of between about 2.5 x 1 0" 4 cm and 12.5x1 0" 2 cm, 
and a vertical dimension h of between about 
2.5x1 0" 4 cm and 2.5 x 1 0 _1 cm . The horizontal dimension 
t must be small enough to permit, after cooling, extrac- 
tion of the parison from a non-split mold. The vertical 
dimension h must be sufficient to cause an optical dis- 
turbance of light passing through the molded article so 
that the location of the ring can be detected. An exem- 
plary ring 24, as shown in Figure 2, is defined by a ridge 



having a radius r of about 0.3mm, a vertical dimension 
h of about 0.4mm and a horizontal dimension t of about 
0.05mm. The upper and lower edges 23 of the ring 24 
are formed by blending radii b which In the exemplary 

s ring are about 0.075mm. The number and positioning of 
the rings 24 is, of course, subject to variations in design 
that can depend upon, for example, the size and type of 
article to be formed from the parison. 
[0030] The rings 24 on the parison 10 are translated 

10 to corresponding positions on the blow molded article 
26 as shown in Figure 3. A typical article 26 molded us- 
ing this invention is a PET container 28 suitable for use 
in bottling carbonated beverages as illustrated in Figure 
4. The container includes a bottom portion 30 which is 

15 illustrated to include a plurality of feet 32 permitting the 
container to be self-standing, without the aid of any sep- 
arate base cup, however this base structure is subject 
to considerable variation in design well known in the art. 
A side wall portion 34 extends upward from the base 

20 portion 30 and is generally biaxially oriented during the 
blow molding process. A shoulder portion 36 extends 
upward from the side wall portion 34 to a neck portion 
38. A finish portion 40, generally identical to the finish 
portion 18 of the parison 10, including an open end 42 

25 completes the general structure of the container 28. The 
container 28 is shown to have a plurality of material dis- 
tribution indicators 44 that correspond to the translation 
of the rings 24 on the parison 1 0 to the container 28 as 
a result of a stretching and circumferential expansion of 

30 the parison 1 0. The distribution indicators 44 appear on 
the blow molded container as slight transparent distor- 
tion lines extending around the circumference of the 
container 28 generally as shown in Figure 4, which are 
the consequence of the material distribution indicators 

35 22 present on the parison 1 0 and not the product of any 
groove or ridge present in the blow mold in which the 
container 28 is blow molded. 
[0031] As a general rule, one initially locates the ma- 
terial distribution indicator rings 44 by forming a contain- 

40 er 28 without any such rings from its related parison 1 0 , 
which also has no such rings. The container 28 is then 
cut into sections along the vertical extent of the contain- 
er at selected locations corresponding to the desired po- 
sition forthe indicator rings 44. The material distribution, 

45 that is the mass, of each section is determined by weigh- 
ing the sections on a scale. The weight of each section 
is then recorded, e.g., M1 , M2, and M3.This data is then 
mapped back to the parison 1 0 to determine where this 
material is located in the parison 10 before it is blow 

50 molded into the container 28. The mass distribution in 
the parison 10 can be computed very accurately due to 
its uniform density and its volume calculated from the 
known dimensions of the core and cavity defining the 
molding space in which the parison is injection molded. 

55 Due to conservation of volume and mass during the 
molding process, the section below, between, and/or 
above the distribution indicators on the parison must 
weigh exactly the same as the sections of the container 
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below, between and/or above the distribution indicators. 
The lines 22 are then fixed in relation to an end of the 
parison, e.g., the finish end, by precision grinding cor- 
responding grooves on an interior surface of the injec- 
tion mold cavity in which the parison 1 0 is to be formed 
at computed distances, e.g., L1 , L2, and L3. With some 
experience, it may also be possible to correctly position 
the rings 24 on the parison 10 merely after a theoretical 
or mathematical evaluation of the parison and the con- 
tainer sought to be formed from the particular parison. 
The desired parison mold configuration is then repro- 
duced or copied into any number of similar molds suit- 
able for commercial production of identical parisons 10 
including the mapping rings 24 for the particular contain- 
er design. 

[0032] The parisons 1 0 can then be used in the com- 
mercial production of the particular container design in 
a re-heat and blow molding process employing any 
number of blow molds from a single cavity machine to 
a high speed multiple cavity machine such as a Sidel 
SBO-24 or a Krupp-Corpoplast Blowmax-16. A serial 
multiple cavity machine 1 1 is schematically illustrated in 
Figure 5 to include a re-heat section 13 followed by a 
blow molding section 1 5. A feeder 1 7 feeds a linear pro- 
gression of parisons 1 0 into a first transfer mechanism 
19. The transfer mechanism 19 loads the parisons 10 
into the re-heat section 1 3 which is driven at a constant 
speed in the direction of arrow A. As the parisons 1 0 
travel through the reheat section 13, they are exposed 
to a plurality of radiant heater sections 72. Each of the 
radiant heater sections 72 contains a plurality of hori- 
zontally disposed heater elements 74 fixed in spaced 
proximity from the line of parisons 1 0 as shown sche- 
matically in Figure 6. The radiant heaters 74 can be lo- 
cated on only one side or on both sides of the line of 
parisons 10. Where the radiant heaters 74 are located 
on only one side of the line of parisons 10, a reflector 
21 may be positioned opposite the plurality of heater el- 
ements 74 to reflect the radiant energy initially passing 
the parisons 10 back toward the parisons. 
[0033] The heater elements 74 are conventional, be- 
ing made in accordance with U.S. Patent 3,436,524 and 
improvements thereon. The amount of heat delivered 
by each of the heater elements 74 to the passing pari- 
sons can be controlled, either by adjusting the spacing 
of the element from the line of parisons as suggested 
by U.S. Patent 5,688,466, or by adjusting the electrical 
power applied to the element as suggested by U.S. Pat- 
ent 4,079,104 and others. As the parisons 10 travel 
through the reheat section 13, they are rotated about 
their longitudinal axis Y so they are circumf erentially uni- 
formly heated. Once each parison 1 0 is reheated appro- 
priately by the reheat section 13, the parisons is trans- 
ferred by transfer mechanism 23 into one of the blow 
molds 25 in the blow molding section 1 5 where it is blow 
molded into an article such as container 28 as described 
previously. The blow molded articles 26 are then trans- 
ferred by transfer mechanism 27 onto conveyor 48. It 



will be appreciated by those skilled in the art that alter- 
native schemes for producing blow molded articles are 
well known including those employed by so called single 
step machines, such as an AOKI 500 series, that first 
5 injection mold a set of parisons, and then blow mold the 
set of parisons into a set of the desired articles in a con- 
tinuous process utilizing, at least in part, the heat from 
the injection molding process to facilitate the blow mold- 
ing process. 

w [0034] Each of the containers 28 streaming out of any 
blow molding process using the present invention will 
have the material distribution indicator rings 44, which 
can be detected by an appropriate detecting system 46, 
an example of which is shown in Figure 7. The detecting 

is system 46 can be located either inside or outside of the 
blow-molding machine, and can employ either a direct 
lighting system or a back lighting system to illuminate 
the indicator rings 44. A preferred detecting system 46 
employing back lighting straddles the conveyor 48 pref- 

20 erably within about 6 meters of the blow molding ma- 
chine as shown in Figures 5 and 7. The detecting system 
46 includes a plurality of light detectors, such as array 
readers or CCD cameras 50, positioned at a known 
height on one side of the conveyor 48 and a back lighting 

25 system 52 located directly on the opposite side of the 
conveyor 48. A preferred camera is a DVT-600 available 
from DVT Corporation, Norcross, Georgia. The lighting 
system 52 comprises a light source 54 which is prefer- 
ably a fiber optic line light, such a Fostic 1 2 light model 

30 A0891 2. The light source 54 is coupled to a strobe unit 
in light stand 55 to produce a momentary bright vertical 
line of light when each container 28 passes from which 
data is desired. The light system 52 also includes a slit 
panel 56 and a diffuser 58. The slit panel 56 is generally 

35 opaque except for slits 60 at certain selected vertical 
locations in general alignment with the expected loca- 
tion of the top 20 of the container 28, and with the ex- 
pected location of one or more of the indicator rings 44 
located on the side wall of the container 28. The vertical 

40 height of each slit 60 is related to the distance from the 
slit 60 to the lens 62 and the maximum expected devi- 
ation in the location of the corresponding marking on the 
container. In the preferred embodiment, the slits 60 have 
a vertical height of between about 1 .5 and 6.5 mm, pref- 

45 erably about 3. 1 75 mm and a horizontal width sufficient 
to illuminate at least a central portion of the container, 
preferably about 15mm. The diffuser 58 functions to 
make the light essentially uniform over the entire area 
of each of the slits 60. 

50 [0035] One of the CCD cameras 50 is preferably 
aligned with the expected location of the top of the pass- 
ing containers 28, and is used to detect containers 
which, for one reason or another, do not match the 
height criterion for such containers. One or more addi- 

55 tional CCD cameras 50 are positioned directly opposite 
a slit 60 so that light from the slit passing through a con- 
tainer 28 is directed toward one of the cameras 50. The 
detecting system 46 preferably also includes an achro- 
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matic lens 62 situated between the containers on the 
conveyor and each camera 50 aligned with the indicator 
rings 44. In the preferred embodiment the lenses 62 
have a focal length of between about 50mm and 200mm 
and are designed to collimate the light that has passed 
through the container toward the camera 50, rather than 
focus an image of the container side wail 34. Light from 
the back lighting slit 60 generally passes straight 
through the container 28, except where a material dis- 
tribution indicator ring 44 is located. The indicator ring 
44 deflects the light from its straight line path so that a 
variation of light intensity in the general shape of a hor- 
izontal line occurs. It will be appreciated that any indi- 
cator ring 44 located outside the side wall portion 34 of 
the container 28 represents a special situation that may 
not be as suitable for processing. The typically horizon- 
tal line of intensity variation directed toward the camera 
50 by the lens 62 will occur at different locations depend- 
ing upon variations in the location of a given indicator 
ring 44. The camera 50 includes an output that can be 
fed through line 64 to a computer 66 that includes a vis- 
ual display screen 66 and on which certain functional 
software has been previously loaded to handle the in- 
formation output from the cameras 50. 
[0036] Broadly, the detecting system 46 locates each 
of the indicator rings 44 and the top of the container 28 
based on the known vertical position of the conveyor 48 
relative to the various cameras 50. As the containers 28 
travel down the conveyor 48 from the blow molding ma- 
chine, they pass through the detecting system 46. Each 
container triggers a photo eye, micro-switch, or other 
sensor, just prior to the CCD cameras 50, which triggers 
the cameras 50 and the strobed light 54. The cameras 
50 detect the physical position of the indicator rings in 
relation to the bottom of the container 28 as defined by 
the supporting surface of the conveyor 48. The height 
of the container 28 is also detected. This information is 
then sent to the computer 66 for evaluation by appropri- 
ate software previously loaded on the computer 66. The 
software preferably converts this data into container 
sectional weights in relationship to the areas of the in- 
spected container. This information can be compared to 
the permissible weight specifications for those sections. 
[0037] The computer preferably automatically alerts 
the operator of containers that are out of specification 
by using graphical alarms, sirens, and/or beacons, and 
can be employed to eject sufficiently non-conforming 
containers from the passing stream using, for example, 
a pneumatic ejection control mechanism 70. The sec- 
tion weight information is also preferably used for sta- 
tistical analysis and for automatic ejection of failed con- 
tainers, that is containers that are outside certain preset 
margins. The system can also be network capable by 
means of an Ethernet or other network interface 76. In- 
formation can be stored and sent via a manufacturing 
plant's network where the information can be monitored 
and recorded in the plants SPC system. 
[0038] The data collected can also be used for feed- 



back control so that the information processed by the 
computer 66 based on the monitoring of bottle confor- 
mation affects the processes of the blow molder making 
any necessary process changes to the machine in order 

5 to keep the bottle within the preset specifications. The 
specific code for accomplishing these tasks is subject 
to substantial variation. The flow chart shown in Figures 
8a and 8b illustrate the various criteria applied by an 
exemplary system employed to modify the re-heating of 

10 the parisons 10 based upon the average of a sample 
quantity of containers. The flow diagram 100 in Figures 
8a and 8b is illustrative of a program to be used with 
radiant heater sections 72 employing seven heater ele- 
ments 74 numbered sequentially 1-7 from the bottom to 

15 the top as shown in Figure 7. 

[0039] The electrical power to each heater element 
74, which is generally less than 100% of the possible 
power that can be applied, can be easily adjusted by an 
electrical circuit controlled by a thermal conditioning 

20 control 72 coupled to an output of computer 66. It will 
be appreciated by those skil led in the art that the change 
made by control 74 need not necessarily be to only a 
single heater element, but can be to any desired groups 
of heater elements. It will also be appreciated that when 

25 the heating profile is appropriately adjusted, the heat de- 
livered to the passing parisons 1 0 will be such that the 
position of the indicator rings 44 will be positioned as 
desired on the surface of the containers 28. By contrast, 
when the heating profile is not appropriate, one or more 

30 regions of the passing parisons 1 0 will arrive at the blow 
molding section 15 either too cool or too hot, in which 
case the polymer forming the parison will experience in- 
sufficient or excess stretching during the blow molding 
process, thus displacing one or more of the indicator 

35 rings 44 from their prescribed position, which will be ob- 
served by the detection system 46. 
[0040] The data is collected from a blow molding sys- 
tem 11 illustrated schematically in Figures 5 and 6, 
showing a system employing a plurality of radiant heater 

40 sections 72 to reheat a line of parisons 1 0 in accordance 
with the present invention as they are conveyed by the 
radiant heater sections 72. The program implemented 
by the computer 66 is generally intended to take read- 
ings of a series of X containers, where X is a number 

45 selected sufficiently large to largely eliminate any statis- 
tical noise that might be present were too small a sample 
number selected, and as a general rule is some multiple 
of the number of spindles in the reheating oven em- 
ployed in the process, e.g., X = 1 56 for a Sidel SBO-1 0. 

so The readings of the positions of the indicator rings 44 
are accumulated by accumulator 1 02, and averaged to 
arrive at an expression for the average position of each 
observed indicator ring 44 over the sample quantity X. 
In this example, the number of indicator rings 44 em- 

55 ployed in the analysis is only two, which divides the con- 
tainer 28 into three vertical areas; namely, the shoulder 
36, the panel 34, and the base 30. The neck 38 and fin- 
ish 40 is substantially unmodified by the re-heating and 
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blow molding process and, accordingly, need not be 
considered in this analysis of the finished containers 28. 
[0041] The averaged value 104a and 104b is then 
identified with an identifying case number based on the 
observed variation. in mass from the prescribed criteria 
for the container 28. The identifying case number is de- 
termined by serially considered in a logic ladder identi- 
fied as Case 1 through Case 9, to determine what action, 
if any, should be taken to correct the heating profile to 
which the parisons 1 0 are subjected. The program 1 00 
prescribes a fixed incremental change, e.g., 1%, to the 
power applied to one or more of the heating elements 
74 by selecting the applicable Case number, other than 
Case 9 (Bottle Optimum) in which Case no change is 
made. If any Case is identified other than Case 9, the 
program also increments a"Count" number in store 106. 
The Count number can be stored with the heater set- 
tings, date and time of change/and other.desirable in- 
formation in a data storage area 1 08 for subsequent 
analysis. A change in the Count number can also trigger 
a display indicating the incrementation. 
[0042] Following an incrementation, the sampling 
process preferably goes into a "sleep" mode for a time 
that is sufficiently large that any impact on the blow 
molds by any change in parison heating has stabilized. 
After some time, usually measured by the passing of a 
sufficient number of containers Y, the data accumulation 
process resumes at accumulator 102. The control 
scheme diagrammed in Figures 8a and 8b uses the line 
positions read by the CCD cameras 50 and compares 
those line positions to control modification case options. 
In the example presented by Figures 8a and 8b, there 
are 3n options where n = the number of mapping lines 
on the container. For the case of the example with two 
lines on the container, there are nine optional control 
cases. The control system of the present invention con- 
tinuously records the line positions for a specified 
number of parisons depending on the blow-molding ma- 
chine. If the average position of any of the lines deviates 
beyond a specified tolerance, the control system selects 
the appropriate control case for that condition. The con- 
trol case makes a modification to the oven lamps heat 
percentage profiles, or some other parison preparation 
characteristic, through direct communication with the 
blow-molder's programmable logic controller or control 
computer. The system also records the effects of this 
change on the line positions. If the lines are not within 
their specified locations the control system implements 
another correction. This continues until the lines are 
within specification. If the system cannot make the nec- 
essary corrections to the line positions after a specified 
number of attempts, the change in the Count number 
matches a preset number Z, and alternative instructions 
may be sent to the display, or perhaps an alarm condi- 
tion may be sounded and or signaled indicating that the 
process requires human inspection and possible inter- 
vention, including possible re-setting of the processing 
and data accumulation criteria. 



[0043] As indicated previously, the system can be em- 
ployed with blow molding machines that process the 
heated parisons in either a serial or batch process. In a 
serial process, such as that employed by an SBO-24, a 

5 series of blow mold cavities are employed, each of 
which may have slightly different thermal and other 
characteristics. Additionally, the containers made in 
such an apparatus exit from the blow molding apparatus 
in serial order, as shown schematically in Figure 5, re- 

10 fleeting the order of the individual blow molding cavities 
or mold stations used in the apparatus. In such systems, 
the detecting system 46 of the present invention can be 
used to record data in direct relationship with the mold 
station on which each bottle was produced. This is ac- 

'5 complished by scribing a selected one of the series of 
blow mold cavities, 25a, with an indicating mark such as 
a circumferential groove near the edge of the field of 
view of one of the CCD cameras 50. When the system 
46 detects this unique mark, the software can be mod- 

20 jfied to recognize this container as coming out of a "last" 
or "first 1 blow molding station 25a in the series 25a, 25b, 
25c, ... 25n, and to begin the next inspection with spe- 
cific correlation to the blow mold station. The modified 
software contains a counting algorithm, which identifies 

25 each consecutive container 28 with its corresponding 
blow mold 25. The accumulator 102 can then segregate 
the information relating to each blow molding station 25 
in the series to detect variations in average performance 
or any specific blow mold 25i that might indicate a prob- 

30 lem not having its origin in the parison re-heating proc- 
ess. 

[0044] While some significant changes might be nec- 
essary to the illustrated preferred embodiment, and to 
the software previously described, the present invention 

35 can also be employed in a so-called one step machine 
to control the temperature conditioning of the parisons 
between the injection stage and the blow molding stage 
of such a machine. The present invention having been 
described in its preferred embodiments, it is clear that 

40 the present invention is susceptible to other numerous 
modifications and embodiments within the ability of 
those skilled in the art and with or without the exercise 
of the inventive faculty. Accordingly, the scope of the 
present invention is defined as set forth by the scope of 

45 the following claims. 



Claims 

50 1. A method for inspecting the material distribution of 
a sequence of blow molded containers in a contin- 
uous production process, the method comprising: 

providing injection molded axially extending 
55 parisons, each parison having at least one in- 

dicator of material distribution at a predeter- 
mined position along the axial extent of the pari- 
son; 
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thermally conditioning the parisons in the con- 
tinuous production process to a temperature 
profile suitable for blow molding; 
blow molding the heated parisons so that each 
material distribution indicator is transformed to 
a corresponding axial location along the blow 
molded container; 

detecting, from at least some of the blow mold- 
ed containers in the production process, the ax- 
ial location of the indicator relative to a control 
location; and 

determining for the at least some blow molded 
containers a material distribution outcome 
based on the detected axial locations of each 
indicator. 

2. The method of Claim 1 further comprising the step 
of: 

forming each material distribution indicator on each 
parison having a horizontal dimension t of between 
about 2.5x 1 0^cm and 1 2.5x 1 0" 2 cm, and a vertical 
dimension h of between about 2.5x1 O'^m and 
2.5x1 0' 1 cm. 

3. The method of Claim 1 wherein the detecting step 
is performed by an optical detector device detecting 
a variation in light intensity caused by a transformed 
indicator on an exterior surface of the blow molded 
container in the form of a circumferential ridge. 

4. The method of Claim 1 further comprising the steps 
of: 

accumulating data representative of the mate- 
rial distribution outcome for a group of contain- 
ers; 

computing* an average material distribution 
characteristic for the group of containers; 
classifying the average material distribution 
characteristic for the group of containers in one 
of a pre-defined set of classes; and 
providing a signal based on the classification. 

5. The method of Claim 1 further comprising the steps 
of: 

comparing the determined material distribution 
outcome for each container to a previously de- 
fined tolerance range, and 
generating a signal causing a blow molded con- 
tainer to be removed from the production proc- 
ess if the determined material distribution out- 
come for the containers is outside a tolerance 
range. 

6. The method of claim 1 wherein the containers are 
blow molded in a plurality of blow molding stations 
according to a continuously repeated cycle, the 



method further comprising: 

providing a scribe in a selected blow molding 
station; 

5 molding a mark on each respective container 

blow molded in the selected blow molding sta- 
tion; 

detecting the mark to identify the marked con- 
tainer and each subsequent unmarked contain- 

10 er in the continuous cycle; 

grouping the determined material distribution 
outcome data for the marked and each of the 
subsequent unmarked containers to correlate 
to each of the blow molding stations; and 

15 reviewing the grouped data to detect any prob- 

lem related to one of the blow molding stations. 

7. The method of Claim 1 further comprising: 

20 selecting a sample of containers from the se- 

quence of stretch blow molded containers; 
calculating an average material distribution 
outcome for the sample based on the deter- 
mined material distribution outcome for each 

25 blow molded container in the sample; 

comparing the average material distribution 
outcome to a standard material distribution rep- 
resenting a nominal blow molded container to 
obtain an average material distribution vari- 

30 ance; and 

providing a signal based on the comparison. 

8. The method of Claim 7 further comprising the step 
of 

35 

adjusting the thermal conditioning of the pari- 
sons from the signal based on the comparison. 

9. The method of claim 8 wherein the sample is a mov- 
40 ing sample and the average is a rolling average. 

10. The method of claim 1, wherein the detecting step 
further comprises 

45 producing a light signal on one axial side of the 

container which travels through the container 
and through a lens to an imaging device on the 
opposite axial side of the container. 

so 1 1 . A method for controlling the material distribution of 
a sequence of stretch blow molded containers in a 
continuous production process, the method com- 
prising: 

55 providing injection molded axially extending 

parisons, each parison having at least one in- 
dicator of material distribution at a predeter- 
mined position along the axial extent of each 
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parison; 

heating the parisons in the continuous produc- 
tion sequence by exposure to a plurality of sep- 
arate heating zones disposed along the axial 
extent of the parisons; 5 
stretch blow molding the heated parisons so 
that the material distribution indicator is trans- 
formed to a corresponding position along the 
axial extent of the blow molded container; 
detecting for each blow molded container an io 
axial location relative to a control location for 
each indicator of material distribution for each 
blow molded container; 
determining for each blow molded container a 
respective material distribution outcome based *5 
on the detected axial location of each indicator; 
selecting a sample from the sequence of 
stretch blow molded containers; 
calculating an average material distribution 
outcome for the sample based on the deter- 20 
mined material distribution outcome for each 
blow molded container in the sample; 
comparing the average material distribution 
outcome to a standard material distribution out- 
come for a nominal container to obtain an av- 25 
erage material distribution variance; 
comparing the average material distribution 
variance to a set of predetermined variance 
case options; 

selecting one variance case option based on 30 
the comparison; and 

implementing a process adjustment related to 
the selected variance case option. 

1 2. The method of Claim 1 1 further comprising the step 35 
of: 

adjusting in each separate heating zone the 
heat applied to subsequent parisons according 
to the selected adjustment. *o 

13. The method of Claim 11 further comprising the step 
of: 

correlating historical adjustments made to cor- & 
rect variations in material distribution of actual 
blow molded containers to a variance case op- 
tion to select one of a set of possible process ' 
adjustments. 

so 

14. The method of Claim 11 further comprising the step 
of: 

forming the parison indicator at a horizontal di- 
mension t of between about 2.5X1 0" 4 cm and 55 
1 2.5X1 0' 2 cm, and a vertical dimension h of be- 
tween about 2.5X1 0* 4 cm and 2.5x 1 0" 1 cm. 



15. A control system for controlling the material distri- 
bution for a sequence of stretch blow molded con- 
tainers in a continuous production process, the sys- 
tem comprising: 

a parison supply section supplying a plurality of 
injection molded, axially extending parisons, 
each parison having at least one indicator of 
material distribution at a predetermined posi- 
tion along the axial extent of the parison; 
a parison thermal conditioning section having 
a plurality of separate axially differentiated con- 
ditioning zones to vary the temperature along 
the axial extent of the parisons; 
a blow molding section transforming the ther- 
mally conditioned parisons into axially extend- 
ed, blow molded containers having at least one 
indicator of material distribution at correspond- 
ing positions; 

an optical detector sensing the axial location of 
at least one indicator of material distribution on 
each blow molded container; 
a computer having an input coupled to the op- 
tical detector, the computer determining a ma- 
terial distribution outcome for each blow mold- 
ed container; and 

a control feedback circuit coupled to an output 
of the computer and to one of the parison sup- 
ply section, the parison thermal conditioning 
section and the blow molding section imple- 
menting for certain material distribution out- 
comes at least one predetermined process ad- 
justment designed to modify the material distri- 
bution of subsequent blow molded containers. 

16. The control system of claim 15 wherein the blow 
molded container is a bottle and wherein the trans- 
formed indicator is a circumferential ridge on an ex- 
terior surface of the bottle and the ridge being de- 
tectable by the optical detector. 

17. The control system of claim 1 6 wherein the ridge is 
positioned on at least one of the shoulder, the panel, 
and the base of the bottle. 

1 8. The control system of Claim 1 5 wherein the parison 
indicator has a horizontal dimension of between 
about 2.5X1 0" 4 cm and 1 2.5 x 1 0-2cm , and a vertical 
dimension of between 

about 2.5X1 0- 4 cm and 2.5x10" 1 cm. 

19. The control system of Claim 15 wherein 

the parison thermal conditioning section is a re- 
heating section including a plurality of horizon- 
tally extending and vertically spaced infrared 
heater elements, and wherein 
the control feedback circuit is coupled to a sup- 
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ply of power to the heater elements to effect 
changes to the pattern of re-heating to which 
the parisons are subjected. 

20. The control system of Claim 15 wherein the com- 5 
puter includes 

a plurality of preset material distribution vari- 
ance characterizations, and 
a decision sequence to select one of the preset 10 
characterizations to generate an output to the 
control feedback circuit. 
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